Astronomy & Astrophysics manuscript no. pietruk 


© ESO 2009 


October 27, 2009 





o 
o 

(N 

o 
O 

(N 

^' 

O 



(N 

a^ 

00 

d 

On 
O 



Millimagnitude Photometry for Transiting Extrasolar Planetary 
Candidates. V. Follow-up of 30 OGLE Transits. New Candidates^ 

p. Pietrukowicz^'^, D. Minniti' ^ R. F. Diaz'^, J. M. Fernandez'-^, M. Zoccali\ W. Gieren'', 
G. Pietrzyriski^-'^, M. T. Ru^z^ A. Udalski^, T. Szeifert'^, and M. Hempel' 



Departamento de Astronomia y Astrofisica, Pontificia Universidad Catolica de Chile, Av. Vicuiia MacKenna 4860, Casilla 306, 
Santiago 22, Chile 

Nicolaus Copernicus Astronomical Center, ul. Bartycka 18, 00-716 Warszawa, Poland 
Vatican Observatory, Vatican City State V-00120, Italy 

Instituto de Astronomia y Fisica del Espacio (CONICET-UBA), Buenos Aires, Argentina 
Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA 
Departamento de Astronomia, Universidad de Concepcion, Casilla 160-C, Concepcion, Chile 
Warsaw University Observatory, Al. Ujazdowskie 4, 00-478 Warszawa, Poland 
Departamento de Astronomia, Universidad de Chile, Casilla 36-D, Santiago, Chile 
European Southern Observatory, Casilla 19001, Vitacura, Santiago 19, Chile 



Received April, 2009; accepted October, 2009 



ABSTRACT 



Aims. We used VLT/VIMOS images in the V band to obtain light curves of extrasolar planetary transits OGLE-TR-1 1 1 and OGLE- 
TR-113, and candidate planetary transits: OGLE-TR-82, OGLE-TR-86, OGLE-TR-91, OGLE-TR-106, OGLE-TR-109, OGLE-TR- 
110, OGLE-TR-159, OGLE-TR-167, OGLE-TR-170, OGLE-TR-171. 

Methods. Using difference imaging photometry, we were able to achieve millimagnitude errors in the individual data points. We 
present the analysis of the data and the light curves, by measuring transit amplitudes and ephemerides, and by calculating geometrical 
parameters for some of the systems**. 

Results. We observed 9 OGLE objects at the predicted transit moments. Two other transits were shifted in time by a few hours. For 
another seven objects we expected to observe transits during the VIMOS run, but they were not detected. 

Conclusions. The stars OGLE-TR-1 11 and OGLE-TR-1 13 are probably the only OGLE objects in the observed sample to host 
planets, with the other objects being very likely eclipsing binaries or multiple systems. In this paper we also report on four new 
transiting candidates which we have found in the data. 

Key words. Stars: OGLE-TR-109, OGLE-TR-111, OGLE-TR-1 13 -planetary systems - binaries: eclipsing 



1. Introduction 

The field of extrasolar planets is developing rapidly, pro- 
ducing exciting results at an accelerated pace. The discov- 
ery of the first extrasolar "hot Jupiter" around the nearby 
solar-t ype star 51 Peg using p recise radial velocity measure- 
ments (iMavor & Ouelozl Il995h spurred a number of discover- 
ies. Chief among these was the disco very of transits around the 
nearby sola r -type star HD 209458 (ICharbonneau et al.L 120001: 
iHenrv et aU l2000h . The success of the radial velocity stud- 
ies also boosted extrasolar planetary searches using other tech- 
niques such as microlensing and transits. Currently more than 
60 transiting extrasolar planets are knowrQ. Many candidates 
were discovered by the OGLE team who carried out sys- 
tematic searches, monitoring m illions of stars along fie lds lo- 
cated in the Milky Way disk (lUdalski et all l2002allR 120031: 



iPont et al.L [20081) . Of more than 200 transiting candidates, al- 
ready seven OGLE transits h ave been confirmed as being 
due to p lanets: OGLE - TR-10 (iKonacki et al.L l2005h. OGLE 
TR-5 6 (IKonacki et al.L |2003[). OGL E -TR- 1 i TlPont et al 
200l. OGLE-TR-1 13 Ispuchv et al.', '2004'; IKonacki et al' 



Send offprint requests to: P. Pietrukowicz, 
e-mail: pietrukOastro . puc . cl 

* Based on observations collected with the Very Large Telescope at 
Paranal Observatory (ESO Programme 075.C-0427(A), DM and JMF 
visiting observers). 

** Photometry of the transiting objects is available at the CDS via 
anonymous ftp to cdsarc.u-strasbg.fr 
' See )http://exoplanets.eu/| 



2004. OGLE-TR - 132 (jBouchv et al, 2004), O GLE-T R- 182 
(iPont et al.L |2008|) . OGLE-TR-211 dUdalski efail |2008|) . Most 
of the other targets are eclipsing low-mass stars or brown dwarfs, 
or due to blends of normal stars, triplets, etc. 

Why such interest in observing transiting candidates? The 
radial velocities give orbital parameters such as period, semi- 
major axis, and projected mass (M sin /). The transits give not 
only the orbital parameters like period and inclination, but also 
the planet sizes: the eclipse amplitude is simply {r/R)~. Thus, 
from combined radial velocities and transits we know the mass 
of the planet without the inclination ambiguity, and the radius, 
which gives a density. The few planets so studied appear to be 
indeed inflated gaseous planets, i.e. "hot Jupiters". One difficulty 
is that the derived planet radii are only good to 10-15%. More ac- 
curate transit photometry is needed to improve those estimates, 
as argued by Moutou et al.l (| 2004|) . For example the discoveries 
by Pont et al. (2005a b) of planet-sized stars around OGLE-TR- 
106 and OGLE-TR- 122, help to constrain the models of plane- 
tary systems. These planets are under intense irradiation, which 
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inflates their sizes, dependi ng on their own orbital parameters 
and in trinsic characteristics (iBaraff'e et al.Ll2003tlBurrows et al.L 
I2002h . In some way the OGLE planets constitute the extreme 
cases, because of their very short periods. 

We conducted a programme to monitor photometrically 
the OGLE transit candidates, and here we present precise 
photometry for these transits. Some of the objects, namely 
OGLE-TR-109, OGLE-TR-111, QGLE-TR-113 have been al - 
ready analyzed bylFernandez et al] (l2006l) . lMinniti et all (|2007|) . 
iDfaz et alj(l2007h . respectively. In this paper we present an anal- 
ysis of all OGLE transits in the VIMOS images. We also have 
searched for new transits. 

Section 2 gives details on the observations, selection and 
properties of the sample. Section 3 describes reductions of the 
data. In sections 4-8 we present the results obtained from the 
observed light curves of the OGLE transits. Section 9 describes 
new transiting candidates we have found in the data. Finally, sec- 
tion 10 states our main conclusions. 

2. The sample 

Our program was allocated 4 nights with VIMOS at the Unit 
Telescope 3 (UT3) of the European Southern Observatory Very 
Large Telescope (ESO VLT) at Paranal Observatory during the 
nights of April 9 to 12, 2005. All four nights were clear through- 
out, with sub-arcsecond seeing during most of the time. 

Before the run we prepared maps of the positions of the tran- 
sit candidates in the OGLE fields and computed OGLE tran- 
sit ephemerides. The selection of fields was based mostly on 
maximizing the number of interesting transiting candidates to be 
monitored given the VIMOS fi eld of view. VIMOS is an imager 
and multi-object spectrograph (iLeFevre et al.Ll2003l) . Its field of 
view consists of four 7' x8' fields covered by the four CCD chips 
arranged in a square pattern with a separation gap of about 2'. 
The CCD size is 2048 x 2440 pixels with a pixel size of 0'.'205. 

We selected four fields in Carina, that contain (but are not 
centered on) the following transit candidates: OGLE-TR-86, 
OGLE-TR-113, OGLE-TR-167, and OGLE-TR-170. We wifl 
refer to these fields as F86, F113, F167, and F170, respectively. 
Table 1 gives basic information on the monitored fields. In Fig. 1 
we show the map of field F113 with OGLE transit candidates in- 
cluded. 

We monitored these four fields, with a basic strategy to max- 
imize the observing efficiency trying to cover as many transit 
candidates as possible. Two fields per night were observed al- 
ternatively, with three 15 sec images acquired per field before 
moving to the other field. With the help of the ESO Paranal staff, 
we reduced the nominal 9 min overhead between two different 
field exposures to 90 sec. Typically we obtained 150-300 im- 
ages per night per field, resulting in well-sampled transits. All 32 
OGLE transit candidates located in the VIMOS fields are listed 
in Table 2. This table indicates which candidates were expected 
to transit during our observations. 

We observed with the V filter only, since the sampling rate 
did not allow us to use two filters, and previous /-band ob- 
servations are available from the OGLE database. One of the 
main objectives of this work was to discard blends and binary 
stars present among the transit candidates thanks to character- 
istic shape of transit events. Also the light curves measured 
in the V-band can be compared with the /-band OGLE light 
curves. W hile the /-band is more efficient for transit searches 
dPepper & Gaudi, 2005), the V-band shows the effects of limb 
darkening during the transit better, and is more suitable for the 
modelling of the transit parameters. 
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Fig. 1. Location of OGLE transit candidates in the area of 
OGLE-TR-113 or VIMOS field F113. VIMOS quadrants are 
marked and labeled as A2, A3, Bl and B4. 



3. Photometry 

The bulk of the data acquired with VIMOS amounts to 82 GB. 
The periphery of VIMOS images in each quadrant suffers from 
coma. Therefore, for our analysis we cut a slightly smaller area 
of 1900x2 100 pixels, covering 7f 18 x6!49. The photometry was 
extracted with the hel p of the D i fferenc e Image Analysis Package 
(DIAPL j3 written bv lWozniafl fcoOOh and recently modified by 
W. Pych. The package is an imple mentation of the method de- 
veloped by lAlard & Luptoiil (Il998h . To get better quality of pho- 
tometry we worked on 475 x 525 pixel subfields. 

Reference frames were constructed by combining the 8-13 
best individual images (depending on the field and the quad- 
rant). Profile photometry for th e ref ere nce fr ame was extracted 
with DAOPHOT/ALLSTAR (iStetsonl |1987|) . These measure- 
ments were used to transform the light curves from differential 
flux units into instrumental magnitudes, which later were trans- 
formed to the standard V-band magnitudes by adding an off- 
set derived from V-band magnitudes o f the transits in the fields 
(iDfaz et al.Ll2007HMinniti et al.Ll2007h . 

The 15 sec exposure times saturate stars at V ~ 15.4 mag 
in the images under the best seeing. This affected two transit 
candidates: OGLE-TR-88 and OGLE-TR-112. 

The brightest planetary transit candidate monitored here is 
OGLE-TR-109, with / = 14.99 and V = 15.82 mag, for which 
photometry with cry = 0.002 mag was obtained. The faintest 
candidate is OGLE-TR-108, with / = 17.28 and V = 18.73 mag 
at o-y = 0.009 mag. 

Due to the coma the photometric quality at the extreme cor- 
ners of the VIMOS fields is degraded. This affects the data for 
OGLE-TR-126, and to a minor degree for OGLE-TR-87 and 
OGLE-TR-108. 



The package is available at |http://users.canik.edu.pl/pych/DIAPL/| 
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Table 1. Basic information on observed fields with VIMOS. Coordinates are given for the centers of the fields. 

VIMOS field Short RA(2000.0) Dec(2000.0) / b Duration of observations 

with transit name [h:m:s] [":':"] [°] [°] 

OGLE-TR-86 F86 10:58:37.19 -61:31:29.4 289.905 T540 only first 8h of night 1 

OGLE-TR-113 F113 10:52:56.00 -61:28:15.0 289.269 -1.783 all four nights 

OGLE-TR-167 F167 13:31:36.00 -64:04:15.0 307.306 -1.541 2h of night 1 and all night 2 

OGLE-TR-170 F170 13:14:17.60 -64:44:21.0 305.368 -1.976 only nights 3 and 4 



Table 2. List of OGLE transiting candidates in the VIMOS fields. 



OGLE 


VIMOS 


^OGLE 


Events 


Were they 


OGLE 


VIMOS 


^OGLE 


Events 


Were they 


transit 


field 


[d] 


expected 


observed? 


transit 


field 


[d] 


expected 


observed? 


TR-81 


F86 


3.2165(6) 







TR-111 


F113 


4.0161(8) 


1 


fully 


TR-82 


F86 


0.76416(14) 





sinusoidal var 


TR-112 


F113 


3.8790(8) 


1 


star is saturated 


TR-83 


F86 


1.5992(3) 







TR-113 


F113 


1.4325(3) 


1 


fully 


TR-84 


F86 


3.1130(6) 


1 


no 


TR-114 


F113 


1.7121(3) 


1 


?, worse seeing 


TR-85 


F86 


2.1146(4) 


1 


no 


TR-198 


F113 


13.631(3) 







TR-86 


F86 


2.7770(6) 


1 


partially 


TR-159 


F167 


2.1268(4) 


1 


fully 


TR-87 


F86 


6.6067(13) 







TR-160 


F167 


4.9018(10) 







TR-88 


F86 


1.2501(3) 





star is saturated 


TR-161 


F167 


2.7473(5) 







TR-91 


F86 


1.5790(3) 


1 


partially 


TR-162 


F167 


3.7582(7) 


1 


no 


TR-126 


F86 


5.1108(10) 







TR-163 


F167 


0.94621(18) 







TR-192 


F86 


5.4239(11) 







TR-164 


F167 


2.6815(5) 







TR-105 


F113 


3.0581(6) 







TR-166 


F167 


5.2192(10) 







TR-106 


F113 


2.5358(5) 


1 


fully 


TR-167 


F167 


5.2610(10) 


1 


partially 


TR-108 


F113 


4.1859(8) 


1 


no 


TR-170 


F170 


4.1368(8) 


1 


fully 


TR-109 


F113 


0.58909(12) 


4 


3 events 


TR-171 


F170 


2.0918(4) 


1 


fully 


TR-110 


F113 


2.8486(6) 


1 


partially 


TR-172 


F170 


1.7932(4) 


1 


no 



TR-113 



TR-111 



4. Results 

Twenty one transits were expected for 1 8 OGLE stars during the 
observations. Figure 2 illustrates the transit times calculated for 

candidates in the field Fl 13. For object OGLE-TR-109 with the tr-iu 
short period of P = 0.589127 d, four transits were expected. 
The object OGLE-TR-112 is saturated and no photometry was 

obtained in this case. In total, we observed thirteen events in 11 \ tr-ii2 
stars. Six transits were not detected and one is under question, 
due to worse seeing at the end of night 4. 

For 14 stars no transits were expected. However, even _ tr-iio 
flat light curves are useful to examine p ossible light curve 

modulations due to ellip soidal variability (iDrake et al.L 120031: tr-§)9 

ISirko & Paczvnskill2007b . tr-ios 

Table 2 also indicates whether we observed a full transit, a 
partial transit, no transit, or sinusoidal variations. The relatively 

small number of expected and detected transits in the fields F86 tr-ios 
and F167 is the result of the short period of observation of these 
two fields. The highest efficiency is for F113, which is the only 105 - tr-'os 
field observed for almost all 4 nights. 



5. The Significance of the Transits 

Because we wifl be dealing with potential unconfirmed transits 
or false positives, it is necessary to find a quantitative way to 
evaluate the significance of the individual transits observed. 

The observed transits are well sampled in the V band, and 
the scatter is smaller than that of the OGLE transits. There are 
typically A^ti = 30- 60 points per transit in our data. VIMOS 
transits are well sampled, allowing us to measure accurate am- 
plitudes as a difference between averages of the points out- 
side and at the bottom of the transits. In the case of OGLE, 
the significance of the transits is in part judged by the num- 



3470 3472 3474 

JD [-2450000] 

Fig. 2. Computed transit times for nine OGLE candidates in the 
field F113. 



ber of transits detected (from a few to about 30). In the case 
of the present study, we compute the signal-to-noise of the sin- 
gle, well sampled transit. For a given photometric precision of a 
single measurement of o-ph and a transit depth A, this signal-to- 
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noise transit is S /N = NlJ^A/cTph dGaudilllOOl) . For the mon- 
itored transits we find the range of S /N to be 20-50 for typical 
(Tph = 0.004 - 0.005 mag. The error bars in the OGLE data are 
typically by 40-60% larger than from VIMOS. 

We also computed the significance of the transits considering 
the presence of corre lated noise in the light curves, following the 
method described in lPont et al.l ( l2006l) . Since we found that our 
light curves exhibit moderate red noise, the values of the S /N 
reported below for different transits have been computed using 
this method. 

It is also important to compute accurate mean times of tran- 
sit as well as to evaluate the transit timing errors, for studies of 
multiplicity in the se systems, as it h as been done in the case of 
OGLE-TR-11 1 bv lDfazet all (l2008h . The precision with which 
the mean transit time can be determined can be estimated as; 
<5tr — Cphftr/(2A y/Na), where ttr is the tr ansit duration, A^tr is the 
number of measurements within transit (iDeeg et al 1 120041) . 



6. Full OGLE Transits 

These objects allowed us to measure fundamental parameters of 
the systems by applying analytical and empirical models that 
mimic transit ing hght curves. In our work we used the method 
presented in iMandel & Agoll ( |2002|) . For error estimation we 



used the "rosary-bead" meth od fitting the l i ght curves with the 
algorithm jBouchv et al.L 120051: ISouthwortlil 
2008i) . Below we discuss each of the observed 



[2008; Winn et al 
objects. 
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Fig. 3. Comparison of light curves for OGLE-TR-106 from 
OGLE (top panel) and VIMOS (bottom panel). The magnitude 
scale and the time scale are the same for both panels. Fit to the 
VIMOS data is presented. 



6.1. OGLE-TR-106 

In Fig. 3 we compare light curves for this object in the / (OGLE) 
and V (VIMOS) bands. The transit occurred at the beginning of 
night 4 as it was predicted. Th e shape of the event resembles 
a planetary transit, but it is not! iPont et al. (2005a), based on 8 
spectra obtained with FLAMES instrument at ESO VLT/UT2 
telescope, show that this is an eclipsing binary, where the sec- 
ondary is an M dwarf of the mass of only 0.116 ± 0.021 Mq. 
In Fig. 3 we also present our best fit to the VIMOS curve, us- 
ing linear limb-darkening coefficient for the V band. This fit 
yields ratios r/R = 0.145+°°j5^, a/R = 13.3+^ [, the impact pa- 
rameter b = a/R cos / = 0.35;^Q35 at inclination / ^ 90°. The 
limb-darkening law parameter was fixed to u = 0.6. The esti- 
mated radius ratio is in agreement at Icr level with the value 
of r/R = 0.138 ± 0.014 derived fro m R = 1.31 + 0.09 and 
r = 0.181 ± 0.013 (iPont et al.Ll2005ah . 



6.2. OGLE-TR-109 

This is an extreme case among the transiting candidates found 
by the OGLE group because of early spectral type of the star 
(FOV), low transit amplitude (A/ a; 0.008 mag), and very short 
period {P - 0.589127 d). Analysis of these photometric data by 
[Fernandez et al.l ( 20061). and anal ysis of high-resolution spectro- 
scopic data by lPont et al.l (l2005al) . have left the nature of the ob- 
ject undetermined. Two scenarios are possible: OGLE-TR-109 
is either a blend with a background eclipsing binary or a transit- 
ing planet. However, the latter possibility seems to be less likely 
due to the very short orbital period. Fig. 4 shows both OGLE and 
VIMOS light curves. In comparison to the results published in 
Fernandez et al. ( 2006) the transit S /N is slightly better in this 
work (20 vs. 17), but still insufficient to resolve more details in 
the light curve. 



6.3. OGLE-TR-111 



This transit is caused by a hot Jup iter ("Po nt et aTL l2004l) . It was 
analyzed in detail bv lMinniti elal . (2007). The VIMOS data al- 
lowed them to refine the planetary radius, obtaining r = 1.01 ± 
0.06 Rj. Our estimation of the radius ratios, r//?=0.1284+|J |^°^^ 
and a/7?=12.31;^j jg, is in excellent agreement with the published 
values of ( ).1245 !°°°^° and 12.11+[ °°, respectively. Recendy, 
iDfaz et al] (|2008|) found possible period variations in this system 
which could be explained by the presence of a perturbing planet 
with the mass of the Earth in an exterior orbit. Fig. 5 presents 
our best fit to the VIMOS data. 



6.4. OGLE-TR-11 3 



This is another planetary transit (iBouchy et al.l.l2004l). It was ex- 
pected to occur at the end of night 2 and it did. lOfaz et all (|2007|) 
used the VIMOS data to obtain new estimates for orbit param- 
eters, radius and mean density of the planet OGLE-TR-1 13b. 
The radius ratios we have found are almost identical to the val- 
ues they obtained: r//?=0.1451+°°g^^ 0.1455 ± 0.0083, and 

fl//?=6.49+Jj-^^ vs. 6.48 + 0.09. The Ught curves and the fit are 
shown in Fig. 6. Our new period estimation, f =1.4324772(12) d, 
is in exc ellent agreement wit h the value of 1.4324757(13) d de- 
rived by iGillon et al.1 (|2006|) on the base of NTT/SUSI2 data 
taken almost at the same time (on 2005 Apr 3, 13). 

6.5. OGLE-TR-159 

This object is located in the field of OGLE-TR-1 67. A transit oc- 
curred in the middle of night 2, as it was expected from OGLE 
ephemeris. The transit duration ftr was approximately 3.2 hours, 
with about 45 data points (da = 1.3 min). We measured an am- 
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15.85 ' 'I ^-^^ ^ ^ ^ 

-0.4 -0.2 0.2 0,4 

phase 

Fig. 4. Comparison of light curves for OGLE-TR-109 from 
OGLE (top) and this work (bottom). The magnitude scale and 
the time scale are the same for both panels. The best fit to the 
VIMOS data is presented. 



17.00 I — ' — ' ' — I ' ' — ' ' — ' — ' — ' — ' — ' — I — ' ' — ' — ' — I — ' ' — ' — ' 

70.5 70.6 70.7 70.8 

HJD-2453400 

Fig. 5. Comparison of light curves for OGLE-TR-111 from 
OGLE (top) and VIMOS (bottom). The magnitude scale and the 
time scale are the same for both panels. The figure also shows 
the best transit fit for this object. 



pUtude Ay - 0.045 + 0.006 mag with a transit signal-to-noise of 
S /N ^ 50, in agreement with /-band measurements at Icr level: 
A/ = 0.040 ± 0.015 mag. The transit portion of the light curve 
does not show a flat bottom (see Fig. 7), indicating a large im pact 
parameter for this system. Following lMandel & Agoll (l2002h . we 
obtained r/R = 0.41;^q 2o '^^'^ inclination ; - 74°. We conclude 
that OGLE-TR-159 is a very likely eclipsing binary. 

6.6. OGLE-TR-170 

The transit OGLE-TR-170 occurred in the middle of night 3 and 
lasted for ft, ~ 4.3 h (see Fig. 8). There are more than 70 pho- 
tometric points (6tr = 1.8 min) within the transit. We measured 
an amplitude Ay - 0.036 ± 0.006 mag with a transit signal-to- 
noise of S /N ~ 50, again in agreement at Icr level with the I- 
band measurements: A/ = 0.030 + 0.015 mag. As for OGLE-TR- 
159, this transit does not show a flat bottom. It is very likely that 
OGLE-TR-170 is an eclipsing system observed during a grazing 
eclipse. 

6.7. OGLE-TR-171 

This transit occurred at the beginning of night 3 lasting about 
2.5 hours. We measured an amplitude Ay = 0.032 + 0.009 mag 
with a transit signal-to-noise of S /N ~ 22, what gave similar 
values as in the /band: A/ = 0.038±0.015, ft, = 2.5 h. The transit 
seems to be asymmetric (Fig. 9). In both light curves, OGLE and 
VIMOS, the minimum occurred earlier than the central moment 
of the event. The asymmetry cannot be caused by a transiting 
planet, but could indicate a matter flow between the components 
or the presence of a disk around one of the stars. 



OGLE-TR-159 and OGLE-TR-170, for which V-shape eclipses 
were detected, the obtained parameter distributions are bimodal, 
and therefore the given numbers are not very representative of 
the distributions. In the table we report median values at 68% 
confidence level. 



Table 3. Geometrical parameters determined for six systems. In 
the columns we provide: ratio of the radii of the components 
r/R, ratio of the radius of the orbit of the secondary to the radius 
of the primary, impact parameter b, and linear limb-darkening 
coeflicient u. For objects OGLE-TR-109, OGLE-TR-111, and 
OGLE-TR-1 13 the limb-darkening coefficient was taken from 
IClaretl(l2000h . 



Transit r/R a/R b u 



OGLE-TR-1 06 


1454+00071 


13-3-2:1 


35+°-^' 


0.6 


OGLE-TR-109 


0-0V71!«;S 




17+"'"* 


0.597* 


OGLE-TR-111 


0.1284:«;««^ 


12-31!?:^^ 
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OGLE-TR-113 


1451+0 0064 


6 49+0 10 


11+"" 


0.780* 


OGLE-TR-159 


41+0.03 


4 18+" 

^■^°-0.15 


1 11+0.05 
^-^^-0.15 


0.6 


OGLE-TR-170 


IS"*-" " 


2 96+" " 


91 +0.26 
"-^^-0.12 


0.6 



In Table 3 we summarize geometrical parameters obtained 
for six out of seven fully observed OGLE transits. In case of 
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71.9 



Fig. 6. Comparison of light curves for OGLE-TR-113 from 
OGLE in the / band (top panel) and VIMOS in the V band (bot- 
tom panel). The magnitude scale and the time scale are the same 
for both panels. The solid line presents the best fit for this transit. 



7. Partial OGLE Transits 

7.1. OGLE-TR-86 

This transit occurred at the end of night 1 as it was expected 
from OGLE data. We got only the ingress phase (see Fig. 10), so 
we could not measure the flatteness of the light curve during the 
event. 



7.2. OGLE-TR-91 

The transit OGLE-TR-91 was expected in the middle of night 1, 
but it occurred at the beginning of that night. The transit portion 
of the light curve (Fig. 11) shows a flat bottom, indicating a rel- 
atively small impact parameter for this system. We measured an 
amplitude Ay - 0.037 + 0.004 mag, in agreement with OGLE 
measurements: Aj - 0.043 + 0.015 mag. However, trapezium- 
like shape of the event with long ingress and egress rather rules 
out planetary nature of the transit. A light curve modulation, 
probably due to ellipsoidal variability, is also seen. 

7.3. OGLE-TR-110 

This object is located in the field F113. We observed only the 
egress of the transit on night 2 (Fig. 12). Good agreement with 
the prediction time indicates good estimation of the period from 
OGLE data. Slow egress (0.03 mag in 1.5 h) clearl y rules out 
planeta ry nature of the event. This was confirmed by lPont et al.l 
(l2005al) who found large radial velocity difference in two sets of 
spectral lines, like in a binary. 



Fig. 7. Comparison of light curves for OGLE-TR-159 from 
OGLE (top) and this work (bottom). The magnitude scale and 
the time scale are the same for both panels. Fit to the VIMOS 
data is shown. 

7.4. OGLE-TR-167 

This transit occurred at the end of night 2 as it was expected from 
OGLE data. As for OGLE-TR-86, we only got the beginning of 
the transit of OGLE-TR-167 (Fig. 13), so we couldn't measure 
the flatteness of the light curve during the event. 

For all partial transits but OGLE-TR-91 only V-band ampli- 
tude lower limits could be measured. For the object OGLE-TR- 
91, which is the only partial transit with a flat bottom, we esti- 
mated the central moment of the event. For the other three ob- 
jects their periods were improved using either ingress or egress 
moments. From the shape of the observed partial transits we con- 
clude that none of them was caused by a planet. 

In Table 4 we summarize photometric data on eleven ob- 
jects with observed transits. The measured V-band amplitudes 
of full transits are generally larger than the amplitudes measured 
in the / band (see Fig. 14). This agrees with the fact that stellar 
limb darkening in the V band should be shallower at the edges 
but de eper by 10-20% in the central parts jClaret & Hautschildll 
l2003h . 

8. Absent OGLE Transits 

8.1. OGLE-TR-82 

This star lies in the field F86, which was monitored for only 
8 hours. A transit was predicted to occur at the end of night 1, but 
the observations of the field were finished about 2 hours before 
the dawn and no event could not be recorded. The flat portion of 
the light curve (see Fig. 15) was measured with a photometric 
precision of 0.003 mag, allowing us to detect a sinusoidal varia- 
tion of a full amplitude of 0.0035 mag and a period of ~ 0.23 d, 
which is different to t he tra nsiting period of P = 0.76416 d. 
Recently iHover et"al] (|2007|) have shown that the system is a 
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Table 4. Photometric data on OGLE objects for which either full or partial transits were observed with VIMOS. The last five 
columns give, respectively: central moment in Heliocentric Julian Days, transit duration t^, number of measurements within transit 
A^ti , mean transit time precision 6^ (see text), number of epochs E that have passed since OGLE observations, new period estimation. 
Note the dramatic increase in precision of the periods in comparison to the values estimate d by OGLE (Table 2). Also note that 
period variations in the object OGLE-TR-1 1 1 (marked with *) have been recently reported bv lDiaz et al.l (l2008l) . 
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Fig. 8. Comparison of light curves for OGLE-TR-170 from 
OGLE (top) and VIMOS (bottom). The magnitude scale and the 
time scale are the same for both panels. The lower panel shows 
a fit of the event. 



Fig. 9. Comparison of light curves for OGLE-TR-171 from 
OGLE (top) and VIMOS data (bottom). The magnitude scale 
and the time scale are the same for both panels. The shape of the 
transit is clearly asymmetric and therefore no fit is given for this 
object. 



main-sequence binary blended with a background red giant. The 
variability may come from the blend. 



8.3. OGLE-TR-85 

Probably this is a triple system jPont et al.Ll2005al) . In this case 
we expected to see a transit at the beginning of night 1, but noth- 
ing was observed. 



8.2. OGLE-TR-84 

This ob ject is located in the field F86. According to iPont et all 
(l2005al) it is a likely eclipsing system. An eclipse was expected 
at the beginning of night 1, but it was not detected. 



8.4. OGLE-TR-1 08 

This star is located in F113 field which was observed during all 
4 nights. Our ephemerides for OGLE-TR-108 predicted a transit 
in the middle of night 3, and a secondary transit for night 1, but 
we did not detect anything. 
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Fig. 10. Comparison of light curves for OGLE-TR-86 from 
OGLE (top) and this work (bottom). The magnitude scale and 
the time scale are the same for both panels. 



Fig. 12. Comparison of light curves for OGLE-TR-110 from 
OGLE (top) and this work (bottom). The magnitude scale and 
the time scale are the same for both panels. 
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Fig. 11. Comparison of light curves for OGLE-TR-91 from 
OGLE in the / band (top) and VIMOS in the V band (bottom). 
The magnitude scale and the time scale are the same for both 
panels. 



Fig. 13. Comparison of light curves for OGLE-TR-167 from 
OGLE (top) and this work (bottom). The magnitude scale and 
the time scale are the same for both panels. 



8.5. OGLE-TR-114 

A spectroscopic follow up made by iPont et al] ( 12005 al) showed end of night 4, but due to worse seeing there is no clear evidence 
that this object is a triple system. A transit was expected at the for the event. 
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Fig. 14. /-band amplitudes vs. V-band amplitudes of the transits. 
Fully and partially observed transits are marked with full and 
open triangles, respectively. 
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Fig. 15. Comparison of light curves for OGLE-TR-82 from 
OGLE (top) and VIMOS (bottom). A sinusoidal fit to the 
VIMOS data is presented. 



8.6. OGLE-TR-162 

This object can be found in the field F167. In this case we hoped 
to observe a transit in the middle of night 2, but nothing was 
detected. 



8.7. OGLE-TR-172 

The star is located in the VIMOS field F170. A transit expected 
to occur in the middle of night 4 was not observed. 

It is very likely that the seven transits mentioned above were 
not observed due to two facts: short VIMOS observational run 
and lost of ephemerides for the objects. This is clearly seen in the 
case of the transits from the field F86 which was observed only 
for 8 hours. The time interval between the OGLE and VIMOS 
observations was approximately three years. Exact time uncer- 
tainties in the OGLE data are not given, but we assess them to be 
below 0.0005 d. After the three years the errors of the expected 
moments of the transits could have accumulated to a significant 
fraction of the orbital period. 



9. New candidates 

We have also looked for new transit candidates in the VIMOS 
data. This h as been done in the framew ork of our variable search 
presented in lPietrukowicz et"ari (|2009|) . Finding charts and light 
curves of four new candidates are shown in Fig. 16 and Fig. 17, 
respectively. Table 5 gives the most important observational facts 
on the transits. The first two objects are located in the field F167 
and the other two in the field F170. These are rather faint stars 
with 17.8 < V < 19.7 mag. The transits have amplitudes be- 
tween 0.02 and 0.04 mag in V, and durations from about 2 to 
5 hours. All events were detected only once during our VIMOS 
run, therefore there is no information on periods. We also note 
that for the transits 1-3 no events were detected in the OGLE-III 
data. The transit-4, due to its depth and relatively long duration, 
is potentially the best candidate for hosting a planet. This ob- 
ject lies outside OGLE-III fields and is a good target for future 
surveys. 




Fig. 16. Finding charts for the new transit candidates. North is 
up and East to the left. The field of view is 10" on a side. The 
transiting stars lie exactly in the centers of the charts. 



10. Summary 

V-band images from VLT/VIMOS were used to obtain light 
curves of extrasolar planetary transits: OGLE-TR-111, OGLE- 
TR-113, and candidate planetary transits: OGLE-TR-109, 
OGLE-TR-159, OGLE-TR-167, OGLE-TR-170, OGLE-TR- 
171. With difference imaging photometry we were able to 
achieve millimagnitude errors in the individual data points. The 
following seven OGLE transits were recorded as full events: 
106, 109, 111, 113, 159, 170, 171. Four transits were detected 
as partial events: 86, 91, 110, 167. All full and partial transits 
but OGLE-TR-91 and OGLE-TR-109 were observed at the pre- 
dicted transit times. No transits were recorded for 19 objects. 
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Table 5. Photometric information on four new transit candidates. 
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Fig. 17. New transit candidates found in VIMOS data. 



Based on the shape of the obtained light curves and some re- 
sults from spectroscopic follow-up studies we show that the ob- 
jects OGLE-TR-111 and OGLE-TR-113 are probably the only 
OGLE stars in the sample to host planets. 

In the paper we also report on four new transiting candidates 
we have found in the VIMOS data. One of the events, transit-4, 
with the duration time of about 3.7 h and the amplitude of about 
0.02 mag, is a particularly good candidate for a planetary transit. 
Faintness of the object (17.8 mag in V) may severely hamper 
spectroscopic verification. However, all four candidates require 
photometric follow-up studies to look for their periodic nature 
first. 
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